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VI. On the Relation between the Temperature and Elastic Force of Steam, when 
conjned in a Boiler containakq Water. B y  Mr. FAREY, 1M.Inst.C.E. 
THIS subject has occupied the attention of many able experimenters, and the 
coincidence of the results which  they  have  attained separately,  leaves no doubt 
of the facts hereinafter  stated. 
Mr. Watt made experiments in 1764, and repeated  them in 1774. Mr. 
Southern went over them again in 1797 with great accuracy, and formed a 
theorem  for calculating the results ; Dr.  Robinson and M. Bettancourt also 
made similar experiments ; likewise Mr. Dalton, Mr. Woolf, and Mr. Philip 
Taylor ; also Dr. Ure. 
The writer of this communication undertook, several years ago, to compare 
all the different experiments which had then been made, in order to obtain a 
standard,  and  was induced, after a careful examinations,  to  adopt Mr. Southern’s 
theorem as  the rn0s.t authentic,  being found very consistent with itself, and being 
confirmed, at several points of the scale, by the actual experiments of others, 
although the complete scales promulgated by some of those others were very 
discordant, from having been interpolated between the actual experiments by 
incorrect theorems ; and  particularly some scales which  had been extended by 
such theorems beyond the range of their  actual experiments, were found to  be 
very far from the truth. In consequence, Mr. Southern’s scale was made the 
fo,undation of all the Writer’s computations and sta,tements respecting steam ; 
many of which  have since been published. 
The principal object of the present communication  is, to  shew  the coincidence 
between Mr. Southern’s scale, and  that of a new series of experiments made in 
Paris, in 1829, by a Committee of the Academy of Sciences, which confirms 
the standard so completely, as to leave no doubt of its  truth. 
Another object of the communication is to  put on  record, in the papers of the 
Institution, a memorial of the fair claim of our countryman, Mr. Southern, to 
the merit of priority in accurate  determination of this law, in opposition to  the 
* The mode of examination was that which Mr. Smeaton and  Mr.  Watt  pursued in similar 
cases, viz., to form curves for representing each scale, the temperature, in degrees of the ther- 
mometer, being the ordinates, and the elasticities, in atmospheres, being the abscissce of the 
curves. 
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unfounded assertion of the French author, who  has published the  new experi- 
ments, that  the academicians had first established the truth in 2829, and that 
the previous determinations in  England  were erroneous *. Mr. Southern’s deter- 
mination is not mentioned in this  sweeping condemnation, although it had been 
republished by Mr. Watt, Dr. Brewster, Dr.  Thomson, and in the Writer’s 
Treatise on the  Steam Engine, also in  that of Mr. Tredgold, and is well  known, 
and  very generally  adopted, in fact, by  the French academicians themselves. 
The French  experiments were continued up to twenty-four atmospheres ; Mr. 
Southern’s went only as far as eight atmospheres ; he found the corresponding 
temperature  to  be 343% degrees of Fahrenheit’s thermometer, and  the academi- 
cians found it to  be 341.8 degrees, or just two degrees less. At four atmo- 
spheres, Mr.  Southern found the temperature 293.9 degrees, and  the academicians 
493.7. This last is not an accidental coincidence, but  an adoption of Mr. 
Southern’s scale, through  Mr.  Tredgold,  though not acknowledged as such. 
The French academicians have formed a theorem  for calculating the tempe- 
ratures corresponding to the elasticities, and by means thereof have extended 
their scale from twenty-four atmospheres upwards ; nevertheless, they did not 
use their own theorem for the most useful part of the scale below four atmo- 
spheres, but  they  adopted a theorem  from  Mr. Tredgold  in lieu of their own. 
That theorem was  made by Mr. Tredgold, from  Mr. Southern’s experiments, 
in lieu of Mr. Southern‘s own theorem, merely because Mr. Tredgold did not 
think  that a power  with a fractional index, viz. 5-13, is likely  to represent the 
law of nature. This induced  him  to  employ a higher power, with G for an index ; 
and in consequence, his formulae did not correspond at all with Mr. Southern’s 
experiment at eight atmospheres, although  it  did correspond at four atmospheres. 
The academicians use an index of 5 in their theorem, rendering it  very  nearly 
the same in effect as Mr. Southern’s. 
Ir The French account of the occasion of making their experiments on the temperatures 
corresponding  to  different elasticities of steam, in 1829, contains  the  following  passage :-“ Science 
6‘ did not then possess this knowledge, and engineers appointed to superintend the construction 
“ of steam  engines, had  no  other guidance  than  some  discordant  measures  upon the  temperatures 
“ which  correspond  to  the  elasticities  between  one  and  eight  atmospheres ; for higher  pressures 
6‘ there was no result of direct  experiments,  nor  any  theory  which  could  supply  the  deficiency.” 
I t  is afterwards stated that only one experiment by M r .  Perkins was obtained in England, 
and  that  is shewn to be  altogether  erroneous ; and  then,  that “ Germany was  more  advanced  than 
England, for the results in question, Mr. Arzberger, at  Vienna, having made experiments.” 
but  they  are also shewn to be inexact. 
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In adopting this formula from Mr. Tredgold, (who quotes Mr. Southern’s 
experiments, and takes them as his basis,) the French academicians could not 
have been ignorant of Mr. Southern’s determinations, nor of their accuracy; 
for a t  eight atmospheres, his experiments and theorem is nearer to their own 
experiments than Mr. Tredgold’s theorern, which they have adopted for that 
part of their scale which is below four atmospheres, and  which theorem gives 
a result identical with Mr. Southern’s theorem and experiments, at  two  and a 
half atmospheres, although Mr.  Tredgold’s  becomes very incorrect below  boiling, 
and also above four atmospheres. 
Under  these circumstances, it  was not candid that all mention of Mr. 
Southern’s determinations should have been suppressed, when in fact they  are 
adopted at second hand, and  through a less correct version than his own ; and 
when  it  was found requisite to  amend that version, and  put  it back very near 
to its original value, the  author of that original should have been cited. 
In a former report by the Academy in 1825, a Table  was given, which is 
exactly Mr. Southern’s numbers, and it would have been only fair, that his 
standard should have been acknowledged when  adopted”. The merit of 
extending it, by further experiments, up to twenty-four atmospheres, in 1829, 
and thereby proving Mr. Sout,hern’s exactitude, is willingly acknowledged by 
the  Writer of this communication, to  be due  to  the  French academicians. 
When the temperature due to an elasticity of twenty-four atmospheres is 
calculated by Mr. Southern’s theorem, it gives 438.2 degrees of Fahrenheit’s 
thermometer, whilst  he  French experiment is 435.6, or only 2.6 degrees 
less ; of this difference, some part is occasioned by  the difference in the French 
and English mode of reckoning what an atmosphere is t. Again, for sixteen 
atmospheres, Mr. Southern’s theorem gives 401.0 degrees, and  the  French 
experiment 398.5, or S+ degrees less. At. eight atmospheres, 2 degrees less, as 
be€ore stated. 
* In  the account of the experiments of 1829, the former Table of 1825, is mentioned as 
“ having  been  only  presented  temporarily, and  as  having been  only  deduced from interpolation of 
‘6 all the  experiments which seemed to merit  the most confidence, from the ability of the observers, 
‘6 and from the  nature of the  methods of observation ;” but no  mention is made of Mr. Southern, 
although  the  numbers  are his. 
f The French reckon an atmosphere to be equal to a column of mercury :& of a metre 
in height, which is only 29.Y2 inches, and the boiling point of their thermometer is adapted 
thereto, whereas,  since about  the commencement  of the  present  century,  the English hare 
reckoned it to be 30 inches. This circumstance accounts in some degree for their scale of tem- 
peratures  differing  from Mr. Southern’s. 
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These small differences are less than  the inevitable uncertainties of observ- 
ation in such experiments, and it is to be remarked, that the elasticities were 
measured by the  French academicians by the compression of air included in a 
manometer, and not by a direct measure of a column of mercury, or a loaded 
safety  valve ; whereas Mr. Southern used both those means, and employed very 
correct thermometers, and therefore his scale is of as much authenticity  as  that 
of the  French ; and  the  Writer of this communication does not think it requisite 
to make any alteration in the standard which he adopted long ago for all his 
calculations on this subject, and of which  many  are published in his Treatise on 
the  Steam Engine, where  the subject is fully explained ; and  it is  only necessary 
to give an extract therefrom, in order to state Mr. Southern’s determination of 
a correct scale. 
From  the comparison of a great number of his experiments, Mr.  Southern 
invented a method of calculating the elasticity of steam at different temperatures, 
when saturated with water; his method is embodied in the following rule, 
which  will  give results very  nearly corresponding with  the experiments. 
‘‘ To find the  elasticity of steam of any given  temperature, that temperature 
being expressed in degrees of Fahrenheit’s thermometer, and  the elasticity being 
expressed by the height,  in inches, of the column of mercury that  the steam will 
support. 
‘‘ Rule.-To the given  temperature  in degrees of Fahrenheit,  add  the constant 
temperature 51.3 degrees, and  take out the logarithm of the augmented  tempera- 
ture from a table of logarithms;  multiply  that logarithm by the constant 
number 5’13, and from the product (which is a logarithm) deduct the constant 
logarithm 10-94143 ; then by the  table of logarithms find the number correspond- 
ing  to  the remainder, (which is also a logarithm,) and  that number is one tenth 
of an inch less than  the height  required ; therefore, by adding one tenth of an 
inch  to the  said number, we  have  the proper height, in inches, of the column of 
mercury  that  the  steam  will support *. 
Example.-What is the elasticity of steam at 212 degrees of temperature ? 
21 2 deg -I- 51.3 deg= 263*3 deg ; the logarithm of that number is 2.42045, which 
* c‘ The effect of multiplying  the  logarithm by 5.13, is to  raise the 5.13thpower of the  tempera- 
ture,  when  augmented  as  above,  and  then  the  effect of deducting  the  constant  logarithm 10.94123, 
is to divide the high power previously raised, by a very large number, viz. (87 344000 000) 
eighty-seven thousand three hundred and forty-four millions. The quotient resulting from this 
division of the high power, with the constant addition of one tenth of an inch, is the required 
elasticity in inches of mercury.’’ 
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X 5-13 = 12.4169 ; from this  logarithm  deduct the constant  logarithm 10.94123, 
and the remainder is 1.47567 ; the number corresponding to this logarithm is 
29'9 inches, and,  adding one tenth of an inch thereto, we  have  thirty inches of 
mercury for the required  elasticity. 
" The rule may be used conversely to find the temperature of steam of any 
given elasticity thus. Deduct one-tenth of an inch from the height in inches 
of the column of mercury ; take out the logarithm of the diminished height, and 
add to it the constant  logarithm 10'94123 ; then  divide  the sum of these 1oga.- 
rithms by  the constant number 5.13 ; and find by  the  Table of logarithms, the 
number which corresponds to the quotient : that number is 51.3 degrees more 
than the required temperature ; therefore deduct 51.3 from the said number, 
and  the remainder is the proper temperature in degrees of Fahrenheit. 
'c Example : What is the temperature of steam of an elasticity of 120 inches 
of mercury? 120 inc. - -1 =l 19.9 inc. The logarithm of that number is 
2-07882, to  which  add  the constant logarithm 10-94123 = 13-02005, for the sum 
of the logarithms, which being  divided by 5-13 constant .number, gives 2.53802 
quotient. The number corresponding to that logarithm is 345.2 degrees, from 
which deduct  he  constant  emperature 51.3 degrees, and  we  have 293-9 
degrees for the required temperature, 
N 
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cc The following Table  has been calculated by Mr. Southern's theorem. 
'' Temperature. 
Degrees of 
Fahrenheit. 
32 freezing. 
42 
52 
62 
72 
82 
92 
102 
112 
122 
132 
142 
l52  
1 G2 
172 
182 
192 
202 
212 boiling. 
Column of mercury; 
Elasticity. 
inches. 
Temperature. Elasticity. 
Fahrenheit. 
Degrees of Column of mercury : 
inches. 
212 =1 Atmos. 30.00 
222 
52.20 242 
4360 2332 
36.82 
2 5 0 . 2 ~ 2  Atmos. 60.00 
252 61.90 
"G12 73.00 
272 85.80 
275 =3 Atmos. 90.00 
282 100.30 
292 116.70 
2 9 3 . 9 ~ 4  Atmos.  120*00 
302 135.20 
3 0 9 . 2 ~ 5  Atmos. 150.00 
312 156.00 
322 179.30 
3 2 2 . 3 ~ 6  Atmos. 180.00 
332 205.40 
3 3 3 . 7 ~ 7  Atmos. 210.00 
342 234.40 
3 4 3 . 8 ~ 8  Atmos. 240'00 " 
-- 
-_ 
-- 
p- 
~- --
--- 
-- 
Treatise on the  Steam  Engine, Vol. I .  p .  72. 
It is presumed that it has  now been shewn  that English engineers have, for 
more than 30 years  past, been in possession of a standard scale, which is very 
accurate, and also of a theorem whereby the temperatures corresponding to 
elasticities, exceeding 8 atmospheres, may be correctly represented, notwith- 
standing  assertions  to the contrary. 
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The complete scale laid  down by the French Academicians is  as follows. 
Elasticities. I Temperatures in Degrees Fahrenheit. 
212.0 
234.0 
250.5 
263.8 
275.2 
285-1 
293.7 
I --l - 
4Q 300.3 
5  307.5 
320.4 
7 
6; 326.3 
331.7 
341.8 
9 350.8 
10 358-9 
11 366.8 
12 374.0 
13  380.7 
14  386.9 
15  392.9 
16 398.5 
17 403.8 
18 408.9 
19 41 3.8 
20  4185
21  423.0 
22  427.3 
23 431.4 
24  435.6 
-- 
-- 
-- 
-- 
212.0 
, 
233.7 2 
250.2 g 
263% 
275.0 2 
285.0 5 
293.9 g 
v1 
91 
NOTE. At 4 atmospheres  this  complete  scale  ch#mges  its  law  of  progression all at once, from 
the 6th power to the 5th power, which cannot be correct in principle. Neither the 6th power 
nor  the  5th will give  correct  results  in  the  lower  part of the scale,  between  boiling and 
freezing,  nor in the  higher  part of the scale. But  Mr.  Southern's  fractional power 5.13, applies 
without  change  throughout  the whole range,  from  freezing  up  to  the  temperature of melting  tin. 
By examining the French scale, it appears  to correspond with Mr. Southern's 
at 4 atmospheres within $5 of a degree, but in advancing only to 4* atmo- 
N 2  
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spheres, it falls short l,+ degrees therefrom, and  yet,  up at 24 atmospheres, the 
deficiency is but !2& degrees. 
The French  theorem is virtually  to  the  same effect as that of Mr. Southern, 
for the logarithm of the elasticity in atmospheres is divided by 5 (instead of 
5’13) in order to extract the 5th root, from which root unity, or 1, is to be 
deducted,  and  the remainder  divided by the constant  decimal -7153, the 
quotient expresses the increase of temperature above boiling, in terms of the 
interval  between  freezing  and boiling, that is, the said  quotient expresses what 
fractional portion of 180 degrees of Fahrenheit, the temperature is above the 
boiling  point. 
This is by no means a convenient rule, and does not  apply  without modi- 
fication to temperatures below boiling, which Mr. Southern’s does most accu- 
rately. The French rule, if modified, becomes inaccurate. 
The only question as to the law of progression in the French rule being 
better  than  that of Mr. Southern’s, is whether  the 5’13 power is  more authentic 
than  the  5th power. Now  the Academicians found Mr. Tredgold’s rule, which 
proceeds by  the  6th power, did better than their own, between one and four 
atmospheres, but it will not correspond either at lower or higher parts of the 
scale, whilst Mr. Southern’s corresponds accurately below, and very nearly 
throughout. 
Mr. Southern’s theorem is preferable to any other for calculations concerning 
the  heights of mountains, according  to  observations of the temperatures at  which 
water is found to boil at their  summits and at their bases. 
On considering all these circumstances, we shall find good reasons for ad- 
hering to Mr. Southern’s theorem, because it is unquestionably accurate in all 
the lower part of the scale below boiling, and also above the same, as far as 
experiments can be made with certainty; a.nd the new experiments of the 
academicians prove, that  at  very  high  parts of the scale, it  cannot  be  far from 
the  truth;  but  as  there is no certainty  in  the  exactitude of either  temperatures 
or elasticities, when so great as 438 degrees and 24 atmospheres, it is not ad- 
visable  to  adopt a new  law of progression for the  sake of reconciling differences 
of 21, degrees from uncertain observations, when  that  new  law will not corre- 
spond so well as the established law, with very certain and unquestionable 
observations. 
67, Guildford Street, Russell Square. 
1 May, 1833. 
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P. S. I t  would be useful information, if some of the junior members, who 
have leisure, wouId undertake  to calculate the temperatures according to 
Mr. Southern’s  rule,  for every half atmosphere between 8 atmospheres and 
48 atmospheres, now that the French experiments have shewn that his rule 
will  apply  to such an  extent with  very probable accuracy. 
Downloaded by [ Purdue Univ Lib TSS] on [18/09/16]. Copyright © ICE Publishing, all rights reserved.
